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Transportation Planning Challenges in Developing Cities– A Practice 
from Rafah, Palestine  
 
Essam Almasri, Yahya Sarraj, Alaeddinne Eljamassi 
 
Civil Engineering Department, Faculty of Engineering, Islamic University of Gaza, 
Gaza, Palestine 
 
This paper proposes a simplified traffic demand forecasting process based on CONTRAM 
model which mitigates challenges when applying the conventional travel demand 
forecasting process in cities of developing countries. These challenges are the absence of 
previous transportation planning studies, lack or absence of transportation data, 
unavailability of extensive amount of land use, socioeconomic, and demographic data and 
the lack of resources. The process consists of four stages. The first stage aims to establish 
preliminary base-year origin destination matrix based principally on origin-destination 
survey. The second stage is for base-year matrix estimation and calibration based on the 
results of stage I and traffic counts on intersections using CONTRAM. The third stage is 
targeted for future O-D matrix forecasting and the fourth stage is for network development 
evaluation.  A case study of Rafah Governorate in Gaza Strip was conducted. The studied 
area was divided into 21 zones. Traffic flow counts and road side interviews were carried 
out. An O-D matrix was estimated for base year (2007) and for design year (2012). A 
comparison between do nothing scenario and a scenario of network developments and 
traffic management was conducted. The results show superiority of the development 
scenario to the do nothing scenario of queue time saving from 96.4veh.hr to 13.3veh.hr. 
 
 
Keywords: transportation planning, travel demand forecasting, transportation modelling, 
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ةٌمانلا ندملا ًف تلاصاوملا طٌطخت تاٌدحت-  حفر -ةٌسارد ةلاحك نٌطسلف 
 
 ةٌلقنلا تاجاٌتحلااب ؤبنتلل ةطٌسب ةقٌرط حرتقٌ ثحبلا اذهمادختساب  مارتنوك جمانربCONTRAM ةقٌرطلا هذه ،
ةٌمانلا لودلا ًف ندملا ىلع اهقٌبطت دنع ةٌدٌلقتلا ةقٌرطلا هجاوت ًتلا تابوعصلا نم ففخت تلا اهٌف رفاوتت لا ً
ةقباس تاسارد و تلاصاوملا طٌطختل نم ًناعت ًتلا تامولعملا صقنو ةبولطملا تاناٌبلاةقلعتملا  لقنلاب
 ًضارلأا تامادختساوًفارغمٌدلاو ًعامتجلإاو يداصتقلإا عضولاو، ةفلتخملا دراوملا ًف صقنلا ىلإ ةفاضلإاب. 
ت ةقٌرطلالحارم عبرأ نم نوكت، ت ىلولأا ةلحرملاءاشنإ ىلإ فده تاناٌب ىلإ دنتست ةهجولاو أشنملل ةٌلوأ ةفوفصم 
 حسم،ةهجولاو أشنملا رٌاعمو ساسلأا ةنس ةفوفصم رٌدقت ًه ةٌناثلا ةلحرملااهت  ىلولأا ةلحرملا جئاتن ىلع ءانب
 دعلاورورملاي تاعطاقتلا ىلع كلذو مادختساب جمانرب CONTRAM، وةثلاثلا ةلحرملا فدهت ىلإ ا ؤبنتل
لاب ًف ةفوفصملبقتسملا )مٌمصتلا ةنس(ةكبشلا رٌوطتو مٌٌقت ًه ةعبارلا ةلحرملاو ،،  ةحرتقملا ةقٌرطلا تقبط دقو
 ىلإ ةظفاحملا تمسق ثٌح ةزغ عاطق ًف حفر ةظفاحم ىلع12 ةجذمن لجلأ ةفلتخم ةقطنم تلاصاوملا ماظن ، دقو
قٌبطتلا ةٌلمعل ةمزلالا تاناٌبلا عمج مت ب يرورملا دعلا ءارجإرطلا بناوج ىلع تلاباقم ىلإ ةفاضلإابقٌ،  مت دقو
 ،مٌمصتلا ةنسو ساسلأا ةنس ًتفوفصمب ؤبنتلاةناعتسلاابو  ةجذمنلا جئاتنب ةنراقم تمت )ءًش لا لعفا( وٌرانٌس
 ةكبشلا ىلع تانٌسحتلا وٌرانٌسب ،رورملا ةراداو ترهظأو مت ثٌح تانٌسحتلا وٌرانٌس ةٌلضفأ جئاتنلا نمز لٌلقت
 فافطصلاا)راظتنلاا(  نم رٌباوطلا ًف4.69 ىلإ2161 ةبكرم-.ةعاس 
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1. Introduction 
Transportation planning is the process that decides the transportation facilities 
e.g. streets, highways, sidewalks and public transport lines. Transportation planning 
process involves six basic elements, that are identifying goals and objectives, defining 
problems, generating alternatives, evaluating alternatives, selecting the best alternative 
and developing the plans for the selected alternative.  
Transportation planning relies on travel demand forecasting which involves 
predicting the number of vehicles or travellers that will use a particular transportation 
facility in the future. Since 1950s, many travel demand forecasting processes were 
developed. However, most of the developed processes like the conventional travel 
demand forecasting process faces many challenges when applied to cities of developing 
countries like Rafah,Palestine. These challenges are summarized in the following 
points:  
 Absence of previous transportation planning studies which are normally considered 
as basis for system development.  
 Lack or absence of transportation data such as traffic flow, vehicular speed, and 
delay that are used to evaluate the current traffic situation. 
 The required extensive amount of land use, socioeconomic, and demographic data 
mostly do not exist.  
 It requires extensive resources that are difficult to get in the developing countries 
especially when a bad economical situation exists.  
 It has non-transportation input for its first step. 
Given this context, this paper proposes a simple travel demand forecasting 
process which suits the conditions in developing countries and mitigates the challenges 
mentioned above. Section 2 reviews the literature travel demand forecasting models. 
Section 3 contains a description of the proposed process. Section 4 presents the case 
study of Rafah, Palestine and section 5 concludes. 
2. Literature Review 
Conventional travel demand forecasting begins with collection of extensive data 
on land use, socioeconomic, demographic, and network characteristics ‎[7].  
After collecting data, the conventional travel demand forecasting process 
follows the sequential four-step model. Prior to start with the four-step model, the study 
area must be divided into a set of traffic zones that have homogeneous socioeconomic 
and land use characteristics. These zones form the basis for analysis of travel movement 
within, into and out of the urban area. The four steps of conventional travel demand 
forecasting model are sequenced as trip generation, trip distribution, mode choice, and 
traffic assignment ‎[9]:   
 Trip generation determines the number of trips starting or ending at an area (zone) in 
a given time such as per day or per hour. It is based on determining a relationship 
between trip making and land uses, household demographics, and other 
socioeconomic factors.  
 Trip distribution is the process by which the planner calculates the pattern of trips 
between the zones. It describes the number or proportion of trips from an origin 
zone spread amongst all destination zones.  
 Mode choice computes the patterns of trips between origin and destination zones 
that use a particular transportation mode.  
 Traffic assignment determines the volume of travel on each individual movement at 
intersections of the transportation network.   
From the time when the conventional four-stage travel demand forecasting was 
developed, a number of highly critical reviews to the model has been seen. In response 
to criticisms, improvements have been made to the four-stage modelling approach and 
new modelling approaches have come out ‎[4].  
Kane and Behrens ‎[8] traced briefly the evolution of transportation planning 
models in response to the policy developments and socio-economic environments and 
identified four model developments.  The first model development responded to 
accelerated highway construction and advances in computing, the second to criticisms 
of aggregate methods, the third to criticisms of static, trip-based, and the fourth to 
environmental pollution. 
According to Bwire ‎[4], few of the developed models have already been tried in 
cities of developing countries. An example of work is Stopher & Wilmot ‎[13] who 
tested different Work-Trip Mode-Choice Models for South Africa. A second example is 
Takyi ‎[14] who analyzed and calibrated different trip generation models in developing 
countries. A third example is Arasan et al. ‎[1] who has calibrated two types of gravity 
model for trip distribution in India. A fourth is DAR Al Handasa ‎[6] which is a transport 
study of Amman, Jordan.   
Because of the problem of the extensive amount of land use, socioeconomic, and 
demographic data required for the first step of trip generation in the sequential four-step 
model of the conventional travel demand forecasting process, many models have been 
developed which skipped this step and started directly from step 2. They estimate the 
origin-destination (OD) matrix based on transportation inputs such as traffic counts. 
Traffic counts are much easier to obtain and are often already available for other traffic 
related purposes. Therefore many models have been proposed and applied for O-D 
matrix estimation to investigate the relationship between traffic counts and O-D matrix. 
Examples of these models are entropy maximization model ‎[19], information 
minimization model ‎[17], modified information minimization model ‎[18], generalized 
least square model ‎[5] and path flow estimator ‎[2]. 
Many computer models have applied the previous models for O-D matrix 
estimation. One of them is CONTRAM which is based on entropy maximization model. 
The CONTRAM model is selected in this research because it is well known, tested in 
different countries such as Britain and available online in the web.  
3. CONTRAM-based Forecasting Process  
 The process consists of four stages described in the flowchart as shown in Figure 
1. The first stage aims to establish preliminary base-year origin destination matrix based 
principally on origin-destination survey. The second stage is for base-year matrix 
estimation and calibration based on the results of stage I and traffic counts on 
intersections using CONTRAM. The third stage is targeted for future O-D matrix 
forecasting and the fourth stage is for network development evaluation.  
Stage I: Establishing the Preliminary Base Year Origin-Destination Matrix 
The process starts with dividing the study area into a number of traffic zones. The 
selection of zonal boundaries is based on the following criteria ‎[6]: 
 Administrative boundaries within the municipality. 
 Homogeneity of socio-economic parameters within individual zones. 
 Primary and secondary road network with and beyond the boundaries of the 
municipality. 
The next step is the collection of information about the characteristics of the 
road network of the studied area and the network modelling using CONTRAM. The 
major characteristics of road network include:  
 Road links data such as length, number of lanes, lane width. 
 Node (Junction) data such as type of control. 
As a consequence of the difficulties discussed earlier of obtaining enormous 
socio-economical data that is needed in conventional traffic demand forecasting, the 
proposed process uses the road-side interview method to establish a preliminary Origin-
Destination (O-D) matrix. Origin-Destination survey aims to determine the pattern of 
trips between the zones.   
Roadside interviews should be conducted on enough stations with a random 
sample of travelers during their trips e.g. one of every 10 vehicles going ahead. Each 
selected vehicle is stopped to answer three questions: 
 The location where it was coming from (Origin).  
 The location where it is going to (Destination).  
 The route that was utilized in the trip (route). 
Stage II:  Base O-D Matrix Calibration 
CONTRAM model offers a technique for O-D matrix calibration called matrix 
estimation. This technique aims to modify a preliminary trip (not accurate) matrix, as in 
this research, or aims to update an old matrix. The technique is based upon balancing 
two objectives.  The first is matching the modelled flows on movements at intersections 
to observed traffic counts. The second is to make sure that the new estimated trip matrix 
is as close as possible to the previous preliminary matrix. This is done by formulating 
this problem into an optimization problem.  See TRL and Mott MacDonald ‎[16] for 
more details.   
To use this technique of matrix estimation the traffic count on different 
intersections must be conducted. As shown in the flowchart of Figure 1, the observed 
traffic volume and the calculated preliminary O-D matrix are input into the process of 
matrix estimation. This process is repeated several times until reaching a stage that the 
difference between the modelled movement flows and the observed traffic is becoming 
a minimum. In each repetition, the preliminary O-D matrix is replaced with the 
estimated matrix. The result of this repeated process is a calibrated O-D matrix for the 
base year. 
Stage III: Future Demand O-D Matrix 
If a base-year O-D matrix is available, it is recommended to use ‎[9] uniform 
growth factor method to estimate future O-D matrix by multiplying all O-D pair by the 
same amount as shown in this Equation [9]:  
pfijpijf MTT        (1) 
Where: 
ijfT  = trips for O-D pair ij in future year f;  
ijpT  = trips for O-D pair ij in present year p; and  
pfM   = expected growth in trips between year f and p.  
When information is available about the expected growth it trips produced in 
each zone, the singly constrained growth factor method is used [9] and ‎[20]. This is 
done by multiplying different growth factors to different rows (or columns) in the O-D 
matrix. According to [9] and ‎[21], the growth factors might be determined based on 
land use or socioeconomic data.   
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Figure 1: Flowchart of proposed forecasting process 
In this research forecasting is simply based on uniform growth factor method. 
This is due to little amount of socioeconomic and land use data that might be available. 
The estimates of rate of growth in vehicle ownership over the forecasting period are 
used to develop the end product of passenger traffic trip matrix. They are directly input 
to the modelling process as a value by which existing base year vehicle trip matrices are 
factored to develop future year trip matrices. In this work, it is assumed that the number 
of vehicle trips made is a function of the number of vehicles available. This value is 
derived by forecasting both vehicle ownerships and population. Vehicle ownership and 
population can be estimated by direct projection of their historical data.  
For future research, an effort of collecting land use and socioeconomic data is 
needed to be done. We recommend to apply the singly constrained growth factor 
method and to use regression analysis for the purpose of calibrating a 
production/attraction models as done by [21]. The calibration is done based on base 
year socioeconomic data. Then depending on the developed production/or attraction 
model and estimated future socioeconomic data, the future trip production/attraction can 
be estimated.  
Stage IV: Network Development Evaluation 
To solve any expected transportation problem, normally different network 
development scenarios are proposed including the do-nothing scenario. For each 
scenario the necessary network changes is made in CONTRAM and then traffic 
assignment is carried out. Selected performance measures such as volume/capacity 
ration, delay and fuel consumption are obtained by CONTRAM and used for 
comparison purposes. Of course, the highest performance measure is the best scenario.  
4. Rafah, Palestine Case Study 
A case study of Rafah Governorate, Palestine is described below. The proposed process 
is applied to forecast the traffic demand in this Governorate.   
Characteristics of Rafah Governorate and Its Transportation System 
Rafah Governorate is located in the southern part of Gaza Strip which is a coastal strip 
of land along the Mediterranean Sea, bordering Egypt in the south-west and Israel in the 
north and east. The total area of Rafah Governorate is approximately 26,000 dunums. It 
embodies three municipalities which are Rafah City, Al Nasser City and Al Shoka. The 
total population of Rafah Governorate is 177,632 inhabitants, 60% of whom are 
refugees living in refugee camps. Average household size is estimated to be 8.6 persons 
per household, and annual population growth rate is estimated to be 4.32% ‎[10]. 
 
Rafah Governorate completely depends on road network as the only way of 
transportation. This makes the identification and evaluation of the current situation of 
the road network very essential. The following are the main characteristics of the roads 
network in Rafah Governorate: 
 Rafah City has 105 roads, with a proposed length of 160.58 km and an area of 3.54 
km
2
; only about 44% of which are paved. According to Rafah Municipality ‎[11], 
44% of these roads were classified as good, 33% as acceptable and 23% as bad. 
 Al Nasser City has a total paved roads length of 8.36 km with a total area of 0.24 
km
2
. 
 Al Shoka City has only 7 partially paved roads. 
The traffic problem is clearly visible in different areas of Rafah Governorate, but 
mainly in Rafah city. The problem is expected to increase substantially because of the 
continuous rise in population and in the number of vehicles. What makes the problem 
worse is the absence of any transportation study or clear strategic directions for traffic 
management. The Municipality of Rafah lacks the guiding towards transportation 
development. 
As typical, the traffic problem is concentrated in the city centre and Rafah city is 
not an exception; principally on Abu Bakre Street where the main popular market is 
found. The existence of the main market, on-street shops, a medical clinic, parking and 
other multi-activities in the same area, in addition to the high density of population in 
the vicinity. All these factors contributed to traffic congestion and formed bottlenecks 
particularly during the morning hours. 
In addition to the main problem, the following problems affect traffic system in 
Rafah Governorate: 
 Lack of traffic control devices such as signals, stop signs, yield signs. 
 The disobedience of citizens and drivers to the regulations imposed by the 
Municipality. 
 Existence of animal-driven carts which cause a serious congestion problem.  
The photos presented in Figure 2 give more description of some problems stated 
above. One can see traffic congestion, mix use of traffic, illegal parking at intersections, 
illegal on-street trading and illegal use of carriageways by pedestrians which cause large 
friction between pedestrians and vehicular traffic.  
 
  
  
 
Figure 2: Transportation problem aspects in Rafah Governorate 
Application of Proposed Process 
Stage I 
Based on the criteria of zone division mentioned in the process description, 21 zones 
were selected. The boundaries of these zones in addition to road network are shown in 
Figure 3. Furthermore, the names of zones are presented in Table 1. 
 Table 1: Rafah zones 
Zone 
Number 
Zone Definition Zone 
Number 
Zone Definition 
2 Al Balad 21 Tul Al Sultan 
1 Al Shabora 21 Western Rafah 
1 Al Shoka 29 Mosabah 
9 Kherbit Al Adass 21 Al Matar 
1 Al Jinaina 2. Al Mokhaimat 
. Al Mohararat 21 Al Salam 
1 Al Brazil 21 Al Zohor 
1 Al Nasser 24 External-Omer 
4 Moraj 12 External-Abu Baker 
22 Al Karaj Al Sherqi 12 External- Al Seca 
22 Zo’rob - - 
 
Roadside interviews were conducted on 12 stations as shown in Figure 3. A 
random sample of vehicles was selected during their trips. One of every 10 vehicles in a 
single direction was interviewed. The survey was conducted for 6 hrs a day from 6 to 9 
am and from 1 to 4 pm for two days from 2/4/2007 to 3/4/2007.  Based on the questions 
about the locations the drivers are coming from and going to a preliminary origin 
destination matrix was determined.  
Stage II 
For the purpose of base- year matrix estimation using CONTRAM model, traffic counts 
are needed. At the same time of the interview survey, vehicular traffic was counted at 
major intersections (25 intersections) in Rafah road network. These intersections are 
presented in Figure 3 with dot plots. The traffic was counted each 15 minutes using 5 
different vehicle classifications.  
After conducting the process of matrix estimation using CONTRAM, a 
calibrated O-D matrix was obtained. Table 2 shows the estimated O-D matrix. When 
comparing these results with the preliminary O-D matrix, not surprisingly they are 
found different. The estimated O-D matrix is considered as a base year matrix for future 
forecasting. 
Stage III 
Design Year 
As the uniform growth factor approach is suitable only for short O-D matrix estimation, 
we recommend the previously described process to be carried out every five years.  
Thus the design year in this work is 2012. 
Vehicle Ownership and Population Data 
It is mentioned in the proposed process that the vehicle ownership and population data 
are required to forecast future O-D matrix. However, because of the lack of these data 
for Rafah Governorate, the process uses data of the whole Gaza Strip as a substitute of 
Rafah Governorate. This is assumed to be true, because Gaza Strip is small in area and 
very similar in conditions and properties. 
Results of Vehicle Ownership Estimation 
The historical data of the number of vehicles registered yearly at the Ministry of 
Transport are presented in Table 3 according to PCBS ‎[10]. The rate of growth between 
1994 and 1995 is extremely different from other years. This is related to major changes 
due to the start of Palestinian Authority after the Oslo agreement.  
However, things returned to be normal and stable after that. Therefore, this 
period was excluded in the regression analysis using EXCEL. Figure 4 presents the 
result equation of regression analysis. This equation is used as a basis for the estimation 
of the future vehicle registration. Based on the regression equation presented in Figure 4 
the forecasted number of vehicles in design year 2012 is 67,263 accounting for 15.3 % 
increase.  
 
 
Figure 3: Rafah Governorate zones, road side interview locations and manual traffic 
count stations
Table 2: Estimated Origin-Destination Matrix for base year 
 
From 
Zone 
To Zone Sum 
  1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 
1   138 1 30 12 27 10 12 45 143 72 376 4 8 1 22 1 2 52 0 0 956 
2 33   28 11 3 1 22 1 1 27 2 7 1 9 5 1 5 1 1 0 0 159 
3 51 5   0 1 1 6 3 3 1 3 2 1 0 2 1 0 0 1 180 0 261 
4 28 1 0   0 1 16 1 1 9 3 2 1 23 5 1 0 2 2 0 0 96 
5 26 15 0 4   1 27 1 4 19 12 8 1 1 13 6 1 10 3 0 2 154 
6 25 1 1 1 0   3 1 1 1 1 3 1 1 1 20 1 1 1 0 1 65 
7 28 103 3 6 24 1   24 50 58 1 3 1 3 1 4 24 3 27 0 0 364 
8 3 1 6 1 5 1 27   10 3 3 3 1 1 1 6 1 1 6 0 4 84 
9 49 1 2 1 2 1 56 1   9 3 3 1 1 1 1 0 1 6 0 4 143 
10 4 8 1 57 1 1 24 9 11   4 27 1 5 1 2 1 5 115 0 0 277 
11 1 1 2 6 17 1 14 1 1 2   3 1 9 1 1 2 19 1 1 1 85 
12 163 0 14 1 8 1 52 1 1 1 1   1 1 0 7 1 1 38 5 1 298 
13 33 1 1 1 0 1 3 1 1 1 2 1   1 1 1 1 1 0 1 0 52 
14 1 5 0 9 4 1 7 1 1 2 10 1 1   2 5 2 1 1 0 0 54 
15 41 6 65 8 17 1 1 0 0 1 1 0 1 3   4 37 5 2 18 0 211 
16 1 1 2 1 16 13 13 16 1 2 2 0 1 9 1   2 1 1 0 0 83 
17 1 13 0 4 1 1 27 1 0 1 4 13 3 3 40 2   2 9 0 0 125 
18 1 1 0 9 4 1 7 1 1 2 2 1 1 1 2 1 2   1 1 0 39 
19 96 1 2 7 18 22 5 4 22 49 1 67 1 1 13 1 7 1   0 0 318 
20 0 0 78 0 0 2 0 0 0 0 0 49 1 0 29 0 0 1 0   0 160 
21 33 1 0 1 1 1 3 3 3 1 2 1 1 1 1 1 1 1 0 0   56 
Sum 618 303 206 158 134 80 323 82 157 332 129 570 25 81 121 87 89 59 267 206 13 4040 
 
Table 3: Statistics for registered vehicles in Gaza Strip. Source: PCBS ‎[10] 
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Figure 4: Regression analysis of the historical data of vehicle registration in Gaza Strip 
 
Results of Population Estimation 
The historical data of the population until 2007 in addition to the estimated population 
up to 2015 are presented in Table 5 according to PCBS ‎[10]. Figure 5 presents the result 
equation of regression analysis. This equation is used as a basis for the estimation of the 
future population. 
Year No. of Registered Vehicles Rate of Increment 
1994 32,467 - 
1995 43,809 34.93 
1996 43,548 -0.60 
1997 46,427 6.61 
2000 49,014 5.57 
2001 49,836 1.68 
2002 50,624 1.58 
2003 51,758 2.24 
2004 53,310 3.00 
2005 55,948 4.95 
2006 56,724 1.39 
2007 58,315   2.81 
 Table 5: Population of Gaza Strip.  Source: PCBS ‎[10] 
 
Year No. of inhabitants Rate of Increment 
1997 995,522 4.30 
1998 1,039,528 4.40 
1999 1,086,970 4.50 
2000 1,137,990 4.60 
2001 1,188,130 4.00 
2002 1,236,372 4.00 
2003 1,286,109 3.90 
2004 1,337,236 3.90 
2005 1,389,789 3.80 
2006 1,443,814 3.80 
2007 1,499,369 3.80 
2008 1,556,201 3.70 
2009 1,614,018 3.60 
2010 1,672,785 3.50 
2011 1,732,438 3.50 
2012 1,792,895 3.40 
2013 1,854,353 3.30 
2014 1,917,019 3.30 
2015 1,980,825 3.20 
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Figure 5: Regression analysis of the historical data of population in Gaza Strip 
 
When comparing the results of population projection with vehicle ownership 
projection, it is noted that the calculated percentages of increase in the horizon years 
2012 is relatively close to each other. These values are used as factors of multiplication 
of the O-D Matrices for forecasting future network traffic flow.  
 
Stage IV 
Different network development scenarios are needed to be tested. To determine 
the behaviour of the existing unimproved traffic network in future years for the Do-
Nothing scenario, the forecast-year matrices were assigned to the base year network. A 
sample of the results of traffic characteristics for the simulation network in the time 
period 8:00-9:00 is given in Table 7. The results show a three times increase of e.g. 
queuing time in year 2012 which means that a bad traffic performance will exist.  
 
Table 7: Simulation Process results with do nothing scenario in 2007 and 2012 in the 
time period from 8:00 am to 9:00 am 
Queuing Time 
(veh-hr) 
Total Distance 
(veh-km) 
Network Speed 
(km/hr) 
2007 2012   2007 2012   2007 2012   
34.6 96.4   17335 20248   41.3 37.1   
Final Queues 
(veh) 
Congestion 
(index) 
Stops 
(veh) 
2007 2012   2007 2012   2007 2012   
122.8 393.4   1.09 1.21   2282 3466   
 
Queuing time : The total time (in veh-h) spent by vehicles in queues. 
Total distance : The total distance travelled by vehicles in the network (in veh-km). 
Network speed : The average network speed for the time slice measured in kph. 
Final queues : The total number of vehicles queued at the end of the time slice. 
Congestion index : This is the ratio of total travel time on the link to its free-flow travel time.  A 
congestion index of 1.0 indicates no queuing, whilst a value of 2.0 indicates that travel 
time is doubled due to junction delays. 
Stops  : The total number of stops. 
 
 
For these reasons actions and improvements have been proposed. Examples of 
these improvements are using one way street system, widening of streets and installing 
traffic signals.  The results of the simulation of improved network are given in Table 8. 
The results show that a large improvement in the network performance is expected. For 
example, the queuing time in the design year decreased in 2012 from 96.4veh.hr to 
13.3veh.hr.  
 
Table 8: Simulation Process Results with network improvements in 2007 and 2012 in 
the time period from 8:00 am to 9:00 am 
 
Queuing Time 
(veh-hr) 
Total Distance 
(veh-km) 
Network Speed 
(km/hr) 
2007 2012   2007 2012   2007 2012   
9.3 13.2   17217 20609   48.2 48   
Final Queues 
(veh) 
Congestion 
(index) 
Stops 
(veh) 
2007 2012   2007 2012   2007 2012   
9.3 13.3   1.03 1.03   999 1409   
5. Conclusions and Recommendations 
Transportation planning relies on travel demand forecasting which involves 
predicting the number of vehicles or travelers that will use a particular transportation 
facility in the future. Conventional travel demand forecasting begins with collection of 
extensive data on land use, socioeconomic, demographic, and network characteristics.  
The conventional travel demand forecasting process has many challenges when 
applied in the cities of developing countries and Rafah-Palestine is no exception. These 
challenges are the absence of previous transportation planning studies, lack or absence 
of transportation data, unavailability of extensive amount of land use, socioeconomic, 
and demographic data and the lack of resources. 
The main goal of this work is to propose a simple forecasting process based on 
CONTRAM model and that suits the conditions in developing countries. This process 
requires less data and is based on transportation data like traffic counts.  
The process consists of four stages; first is to establish preliminary base-year 
origin destination matrix based principally on origin-destination survey. The second 
stage is for base-year matrix estimation and calibration based on the results of stage I 
and traffic counts on intersections using available computer models. CONTRAM model 
is used for this purpose. The third stage is targeted for future O-D matrix forecasting 
and the fourth stage is for network development evaluation. 
A case study of Rafah Governorate in Gaza Strip, Palestine was carried out in 
2007. The suggested process was applied. The area was divided into 21 zones. Traffic 
flow counts and road side interviews were carried out. It was concluded that this process 
can be used in developing countries as a substitute to the conventional process that 
requires extensive information. Good and useful results could be achieved and can be 
relied on for improving the transportation system in the area under study. 
It is recommended to apply the suggested process to other areas in different 
developing countries. The results are also recommended to be compared with models 
other than CONTRAM in order to prove the reliability of this process. 
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